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ABSTRACT 

Compact groups of galaxies provide a unique environment to study the mechanisms by which 
star formation occurs amid continuous gravitational encounters. We present 2MASS (JHK), 
Spitzer IRAC (3.5-8/im) and MIPS (24/xm) observations of a sample of twelve Hickson Compact 
Groups (HCGs 2, 7, 16, 19, 22, 31, 42, 48, 59, 61, 62, and 90) that includes a total of 45 galaxies. 
The infrared colors of the galaxies in this sample span a range of parameter space, and some 
trends are apparent in the data. The near-infrared colors of the sample galaxies are largely 
consistent with being dominated by slightly reddened normal stellar populations. There is also 
some evidence for a K-band excess in a few cases, which likely indicates the presence of hot 
dust at or near the sublimation temperature associated with AGN or star formation activity. 
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Galaxies that have the most significant PAH and/or hot dust emission (as inferred from excess 
8/im flux) also tend to have larger amounts of extinction and/or K-band excess and stronger 24/im 
emission, all of which suggest ongoing star formation activity. We separate the twelve HCGs in 
our sample into three types based on the ratio of the group HI mass to dynamical mass. We 
find evidence that galaxies in the most gas-rich groups tend to be the most actively star forming. 
Galaxies in the most gas-poor groups tend to be tightly clustered around a narrow range in colors 
consistent with the integrated light from a normal stellar population. We interpret these trends 
as indicating that galaxies in gas-rich groups experience star formation and/or nuclear actively 
until their neutral gas consumed, stripped, or ionized. The galaxies in this sample exhibit a "gap" 
between gas-rich and gas-poor groups in infrared color space that is sparsely populated and not 
seen in the Spitzer First Look Survey sample. This gap may suggest a rapid evolution of galaxy 
properties in response to dynamical effects. These results suggest that the global properties of 
the groups and the local properties of the galaxies are connected. 

Subject headings: galaxies:clusters — galaxiesdnteractions — galaxies; evolution — infrared:galaxies 



1. Introduction 

Compact groups of galaxies provide a rich en- 
vironment in which to study the effect of galaxy 
interactions and mergers on galaxy formation and 
evolution. Compact groups are among the dens- 
est concentrations of galaxies known, compara- 
ble to the centers of rich clusters (Hick sonlll982h . 
However, they also have relatively low velocity 
dispersions, increasing the duration of gravita- 
tional i nteractions between the galaxies in these 
groups 



Hickson et al. 1992f ). In fact, a large frac- 



tion of galaxies within Hickson Compact Groups 
(HC Gs) have morphological peculiarities o f some 
kind ( Mendes de Oliveira fc Hickson] 1994) or ab- 
normal rotation curves (jRubin, Hunter, fc Ford 
Il99lh . Because of their galaxy densities and ve- 
locity dispersions, compact groups may provide 
local analogs to hierarchical galaxy formation in 
the earlier universe. Moreover, these groups pro- 
vide laboratories to study a variety of physical 
processes, including the formation of active galac- 
tic nuclei (AGN), super star clusters, and dwarf 
galaxies. 

It is currently unclear how the frequent tidal 
encounters that occur in compact groups induce or 
inhibit activity and transformation of the member 
galaxies. Studies of elliptical galaxies in HCGs 
indicate that interactions have modified their 
isophotes and/or that some e llipticals in thes e 
groups are bluer than normal (jZepf et al. I I1991I) . 
Surveys of subsets of HCGs have yielded appar- 
ently contradictory results relating the role of in- 
teractions and star formation. For example, based 
on a sample of 95 galaxies within 31 HCGs, Ha 



emission seems to be anti-caa:£laJ:£d_ffiiLL_th£_5Z£i. 
locity dispersion of HCGs (jSevergnini &: Saraccol 



200 ll ) , suggesting that higher levels of star forma- 
tion activity are associated with slower interac- 
tions between group members. Ho wever, based on 



a sam ple of 30 galaxies in 20 HCGs. lNishiura et al 



(I2OOOI) do not find any significant correlation be- 



tween the dynamical properties of a group and 
the presence of disturbed morphology or nuclear 
activity of group members. 

The compact group environment may lead 
to exhaustion or stripping of molecular gas, 
or perhaps concentration of molecular gas into 
the nuclei of the member galaxies. Individ- 
ual galaxies in HCGs as a class may be rel- 



lar eas comoared to isolated suirals (Yunl 


1997 


Huchtmeier 1997 


: Verdes-Monteneero et al. 


1998 


2001), although 


Leon. Combes. & Menonl ( 


1998 



find the molecular gas content in HCGs to be 
similar to that in pairs and starburst samples. 
Leon et al. (1998) also find enhanced H2 for 
the most compact groups, which suggests that 
the galaxy interactions drive the gas inwards. 
Groups that are more deficient in HI also have 
a higher detection rate i n X-r a y observations 
('V erdes-Montenegro et aL 2001 : Ponman et al. 
Il996l ). possibly indicating that ionization via 
shocks, heating, or the intergalactic radiation field 
contributes to the lack of neutral gas observed in 
these systems. An example of strong large-scale 
shocks due to encounters between galaxies and 
the IGM is seen in S tephan's Quintet (HCG92) 
(jAppleton et al.ll2006h . There is also evidence for 
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the fo rmation of tidal dwarf galaxies i n HCG s 



Hunsberger. Charlton, fc Zaritskv 1998h . 



(e.g. 

supporting the idea that significant amounts of 
matter may be stripped from member galaxies 
during their interactions. 

Based on HI observations of 72 HCGs, Verdes- 
Montenegro et al. (2001) propose an evolution- 
ary scenario that is somewhat analogous to the 
famous "Toomre sequence" for merging galaxy 
pairs. First a loose group gradually contracts into 
a compact group (jBarton. de Carvalho. fc Geller 
1998). This stage is followed by a "transforma- 
tion" period in which galaxy morphologies tend 
to evolve to earlier types, during which HI gas is 
extracted and dispersed, and X-ray gas is created. 
Throughout this scenario, the gas is actively re- 
distributed from the relatively quiescent interstel- 
lar medium (ISM), to fuel star formation, power 
AGN activity, and contribute to the intercluster 
medium (ICM) — giving rise to a variety of ob- 
servable processes. 

Many of the processes that could be taking 
place within compact groups will have a sig- 
nature in the infrared emission of the galax- 
ies — AGN activity, star formation, and the 
presence of warm/cold dust should all be read- 
ily observable in the t hermal infra r ed. B ased 

(mi) 



on IRAS observations, LA 



lam et al 



and 

Verdes-Montenegro et al.l (jl998l ) find that com- 
pact group galaxies exhibit a normal level of 
infrared emission compared to control samples 
of isolated galaxies, which suggests that the 
tidal activity in these groups does not gener- 
ally enhance star formation. Thermal infrared 
observations with the Infrared Space Observa- 
tory (ISO) were carried out on HCG 31 and 
HCG 92 (IXu. Sulentic. fc Tufj Il999l: ISulentic 
20011 : lO'HalloranI 120021 : IXu et all l2003h . These 
observations indicate that several modes of star 
formation related to the compact group environ- 
ment are simultaneously present in these groups 
(including intense star formation at collision in- 
terfaces, star formation in the tidal debris, and 
star formation due to galaxy interactions with 
the ICM), which demonstrates that in at least 
some HCGs the interaction of group members 
has affected star formation. These observations 
also potentially provide insight into the nature 
of gas deficiency in HCGs; the far-IR 60/im and 
100/im observations of HCG 92 indicate diffuse 



emission from dust outsid e of the galaxies (e.g. 
Xu. Sulentic. fc ;^3[i99i), plausibly powered by 
stripped or tidally formed stars. 

These case studies have been valuable for gain- 
ing insight into specific groups. However, com- 
pact groups present very complex environments, 
and studies of individual groups cannot probe the 
range of processes and environments that may 
contribute to an "evolutionary sequence". As 
part of a multi-wavelength effort to study com- 
pact groups, and the variety of physical processes 
that take place within them, we have obtained 
Spitzer Space Telescope observations of a sample 
of twelve nearby (< 4500 km s~^) compact groups 
chosen to span a range in evolutionary properties. 
In addition to the Spitzer data, we also present 
the 2MASS (The T wo Micron All Sky Survey, 
Skrutskie et al. I l200d) fluxes of the galaxies in our 
sample. The goal of this initial paper is to present 
an overview of the main infrared properties of the 
sample. 

2. Observations 

We selected a sample of twelve HCGs from the 



Hickson Compact Group catalog (jHickson et al 



19921 ) based on distance (< 4500 km s~^), angular 
extent (< 8'), and membership (at least three con- 
cordant members) . The resulting sample is shown 
in Table [T] We include several compact groups 
in each of the thr ee stages of the proposed evolu - 
tionary sequence (jVerdes-Montenegro et al. II2OOII) : 
pre-interaction, shocked intergroup medium, and 
smooth intergroup medium (see ^ l2.1l for explana- 
tion of evolutionary states). Nevertheless, within 
each of these broad categories, there is a large va- 
riety of group properties. 

Spitzer observations of the twelve HCGs were 



obtained with the IRAC ( Fazio et all 120041 ) and 



MIPS (jRieke et al.ll2004[ ) cameras as part of a GO- 
1 program. The IRAC observations were taken in 
high dynamic range mode, with one 12 sec expo- 
sure and three 30 sec exposures for each dithered 
position. The total number of exposures taken for 
each group was either 24 (HCGs 19, 31, 59, 61, and 
62) or 48 (HCGs 2, 7, 16, 22, 42, 48, 90) for each 
set of cameras (3.6/xm and 5.8/im together, then 
4.5/im and 8.0/im together), depending on the spa- 
tial extent of the group. After the basic calibrated 
data (BCD) were obtained, they were run through 
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Table 1 

Sample of Hickson Compact Groups used in this study 





<VQ> 


r.a. 


Dec. 


Galaxy Membership 




Group 


ID 


(km/s) 


(J2000) 


(J2000) 


E/SO 


Sp 


Other 


io3(A/Hi)/io3(j\/dy„) 


type 


HCG 02 


4309 


00:31:30.0 


+08:25:52 





2 


1 


0.96 + 0.07 


I 


HCG 07 


4233 


00:39:23.9 


+00:52:41 





4 





0.85+0.06 


II 


HCG 16 


3957 


02:09:31.3 


-10:09:31 





2 


2 


0.90+0.05 


I 


HCG 19 


4245 


02:42:45.1 


-12:24:43 


1 


1 


1 


0.81 + 0.10 


II 


HCG 22 


2686 


03:03:31.3 


-15:40:32 


1 


2 





0.84+0.05 


II 


HCG 31 


4094 


05:01:38.3 


-04:15:25 





2 


5 


1.01 + 0.07 


I 


HCG 42 


3976 


10:00:21.8 


-19:38:57 


3 


1 





0.75+0.06 


III 


HCG 48 


3162 


10:37:45.6 


-27:04:50 


2 


2(0) ■= 





0.71 + 0.06 


III 


HCG 59 


4058 


11:48:26.6 


+ 12:42:40 


1 


2 


1 


0.81 + 0.05 


II 


HCG 61 


3907 


12:12:24.9 


+29:11:21 


2 


1 





0.89+0.08 


I 


HCG 62 


4122 


12:53:08.1 


-09:13:27 


4 








0.70+0.07 


III 


HCG 90 


2644 


22:02:06.0 


-31:55:48 


2 


1 


1 


0.74+0.06 


III 



'^Dynamica l mass e s calculated f r om ve locity dispersions an d median galaxy separations infllickson et al.l (Il992fl : 
IRibeiro et al.l I I1998I) : [zTmer et al.l I I2003I) . HI masses are from lVerdes-Montenegro et al] I I2001I) . 

^Group type based on log{M:iii) /log{Mfiyj^) /log^Mni) as discussed in 12.11 

^Galaxies HCG 48b and HCG 48c have slightly discordant velocities and may not be proper group members. 



both artifact mitigation and stray light correc- 
tion routines as part of the Spitzer MOPEX pack- 



age (version 093005. iMakovoz et al.ll2006f) . The 



30 sec exposures were then combined onto a finer 
grid scale using the Spitzer mosaic software, in or- 
der to better sample the point spread functions 
(PSFs). The resulting grids have a pixel scale of 
0.6" X 0.6". The 12 sec exposures were used only 
in the case of saturation in the 30 sec exposures. 
MIPS 24/im images were obtained with three cy- 
cles of 3 sec duration with the number of exposures 
ranging from two to four. The post-BCD obser- 
vations were downloaded and mosaiced onto the 
same grid with a pixel scale of 2.5" x 2.5". The 
sensitivity limits vary slightly for each of the com- 
pact groups: for 3.6/im, 4.5/im, 5.8/im, S.O^m, and 
24//m respectively, typical 3-cr limits are ~ 3/.tJy, 
5/LtJy, 30/.tJy, 40/iJy, and 250/xJy and 3-(t extended 
source sensitivity limits are ~ 0.04 MJy ster"-'^, 
0.05 MJy ster-i, 0.2 MJy ster"!, 0.2 MJy ster-\ 
and 0.3 MJy ster'^ 

For the purposes of comparing photometry 
from IRAC and 24/im observations, the 2MASS 
and IRAC images were first convolved to the 24/im 
PSF. Photometry was then performed with a spe- 
cialized IDL routine developed by A. Reines and 
R. Indebetouw (see description of code in Reines 
et al. in prep) that detects a specified contour 
level in a reference image, assigns a background 
annulus that has the same shape as the aper- 



ture contour (but is expanded out by a specified 
factor), and then carries out the photometry us- 
ing identical apertures and annuli at each wave- 
length for a given galaxy. For the photometry in 
this paper, apertures were determined by combin- 
ing all four IRAC bands (weighted by A~^), and 
determining a contour level of 1.5-2cr. A back- 
ground annulus was used that had inner and outer 
scales 2x and 2.5 x the scale of the aperture. Ex- 
tended source aperture corrections are necessary 
due to the significant contribution from scattered 
light, particularly in the 5.8/im and 8.0/im bands; 
these were determined following the prescription 
of T. Jarrett using the "average" radii of the ir- 
regular apertures used0. Typical corrections were 
7%, 3%, 33%, and 24% at 3.6/im, 4.5/im, 5.8/im, 
and 8.0/tm, respectively, which are close to the 
values for an "infinite" aperture determined by T. 
Jarrett. Uncertainties in the flux densities greater 
than 10 mjy are dominated by calibration issues 
and are estimated to be ~ 10%. Flux densities of 
the fainter sources are more strongly subject to 
statistical variations that cause the exact contour 
shape to change, and we estimate the total uncer- 
tainties empirically to be ~ 20% for flux densities 
of 5-10 mJy, ^ 50% for flux densities 1-5 mJy, and 
^ 100% for flux densities < 1 mJy (which are only 



^Further information can be 

found on Jarrett's IRAC website; 

|http://spider. ipac.caItech.edu/staff/jarrett/irac/calibration/ 1 
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Fig. 1. — Spitzer Space Telescope images of the Hickson Compact Groups in tliis Sample. Blue corresponds 
to 3.6/Ltm, green corresponds to 4.5^m, and red corresponds to 8/Ltm. North is up in all cases, (left) HCG 2. 
Galaxy D is a background object, (right) HCG 7. 




Fig. 2. — Spitzer Space Telescope images with colors as in Fig.[TJ (left) HCG 16. (right) HCG 19. Galaxy D 
is a background object. 
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Fig. 3. — Spitzer Space Telescope images with colors as in Fig. [T] (left) HCG 22. Galaxies D and E are 
background objects, (right) HCG 31. Galaxy D is a background object. 
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Fig. 4. — Spitzer Space Telescope images with colors as in Fig.[TJ (left) HCG 42. (right) HCG 48. Galaxies B 
and D appear to be in different subgroups of the larger cluster Abell 1060. 
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Fig. 5. — Spitzer Space Telescope images with colors as in Fig.[T] (left) HCG 59. (right) HCG 61. Galaxy B 
is a foreground object. 






Fig. 6. — Spitzer Space Telescope images with colors as in Fig.[TJ (left) HCG 62. (right) HCG 90. 
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marginally detected). The uncertainties for faint 
objects are largely driven by surface brightness 
issues, where small variations in the local back- 
ground can dramatically affect the measured flux 
densities. 

2.1. Evolutionary Stages of Compact Groups 
in this Sample 

Compact groups are complex environments 
with heterogeneous properties and present a chal- 
lenge to any kind of morphological or evolution- 
ary classification; placing compact groups into 
evolutionary stages is more complex than for the 
two-galaxy interactions found in the analogous 
Toomre Sequence. As evidence of the difficul- 
ties in classifying HCGs, Verdes-Montenegro et 
al. note the lack of one-to-one correspondence 
between the presence of tidal features and the 
atomic gas content of Hickson Compact Groups. 
Ribeiro et al. ( 19981 ) classify compact groups in 
three separate families including (1) "real" com- 
pact groups, (2) core -I- halo systems, and (3) 
parts of loose groups; this classification only re- 
flects the galaxy populations a nd sp ace densi- 



ties. IVerdes-Montenegro et al.l ()200lD proposed 



an evolutionary sequence based on the content 
and distribution of HI gas for Hickson Com- 
pact Groups: pre-interaction, shocked intergroup 
medium, and smooth intergroup medium. In 
this scenario, the evolutionary stage of a group 
is postulated to be associated with the HI defl- 
ciency of the group members and the group as 
a whole. HI deficiency is defined as Defm = 
log[M(HI)p,ed] - log[M(HI)obs], where the "pre- 
dicted" HI mass of a galaxy is determined from 
the typical HI mass of a fi eld galaxy of similar 
Hubb le type and luminosity ( Havnes &: Giovanellil 
19841 ). 



We wish to classify Hickson Compact Groups 
in a quantifiable way while also mitigating the 
effects of possible morphological misclassification 
of galaxies in determining a group's evolutionary 
state. Here we adopt a variation of the Verdes- 
Montenegro et al. method for classification of 
the Hickson Compact Groups; as a proxy for 
evolutionary state, we use log(MHi)/log(Mdyn). 
Using dynamical masses calculated from veloc- 
ity dispersions a n d me di an galaxy sep arations 



Hickson et al.l (Il992l). iRibeiro et all ([1998), 



and/or IZimer et al 



(|2003f ) and HI masses from 



Verdes-Montenegro et al. ( 200ll ) (with the ex- 
ception of HCG 90, for which the HI mass was 
provided by J. Hibbard, private communication), 
each group was placed in one of three categories: 

(I) relatively Hl-rich, log(MHi)/log(Mdyn) > 0.9, 

(II) intermediate HI, 0.9 > log(A/Hi)/log(Mdyn) > 
0.8, and (III) relatively HI poor, log(MHi)/log(Mdy„) < 
0.8. The boundaries of these categories are some- 
what arbitrary and were chosen to divide our sam- 
ple of groups roughly in equal thirds. The result- 
ing classifications are listed in Table [T] Only two 

of the groups in our sample, HCG 16 and HCG 31, 
were explicitly classified by Verdes-Montenegro et 
al.; both of these groups were identified as "phase 
2" in that paper. In the classification scheme used 
in this paper HCG 16 and HCG 31 are both type I 
(relatively HI rich). 

The distributio ns of the Hubble types (us ing 
the convention of iHavnes fc Giovanellil 11984 ) of 
the constituent galaxies with respect to group 
type are shown in Figure [71 The histogram re- 
sulting from the total sample of galaxies in the 
twelve HCGs studied in this program shows a 
clear bimodal structure, with peaks in the rel- 
ative number of galaxies around Hubble type 
and Hubble types 6-8. Given that only twelve 
groups are included in this sample, this his- 
togram is remarkably consistent with the distri- 
bution of morphological types found in all HCGs 
(H ickson. Ki ndl. & Huchra 1988). However, it is 
interesting to note that this distribution is dis- 
tinctly different from general samples of galaxies 
such as the Third Refere nce Catalog (RC3, e.g. 
van den Bergh eral]l2002l ). which has a uni-modal 
distribution that peaks around type Sbc galaxies. 

In Figure |7| it is clear that early Hubble types 
tend to be found in groups of type III, while late 
Hubble types are preferentially found in groups of 
type I. Galaxies in type II groups are relatively 
evenly distributed among Hubble types. These 
trends suggest that the degree to which a group is 
relatively gas rich or gas poor may simply refiect 
the Hubble types of a group's constituent galax- 
ies. However, the physical scenario may be more 
subtle than this, especially given that HCGs as a 
class appear to be gas deficient, and the causal re- 
lationship between a group's galaxy content and 
gas properties is not straight forward. 

We note that of the type I and type II groups in 
this sample, only one of them was detected in the 
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Fig. 7. — Dis tribution of Hubble type ( using the 
convention of iHavnes fc Giovanellilll984ll with re- 
spect to group type for the galaxies in this sample 
of twelve Hickson Compact Groups. 



X-ray survey of Ponman et al. ( 19961 ) (HCG 16, 
which is known to contain active galaxies), while 
all four of the type III groups were detected 
(HCG 42, HCG 48, HCG 62, and HCG 90). The 
relative contribution to a group's total X-ray flux 
from the individual galaxies from the IGM is im- 
portant to distinguish in this context. For exam- 
ple, HCG 42 and HCG 62 have bright emission 
from the IGM, while the X-ray emission HCG 90 
is dominated by the contribution from individual 
galaxies. HCG 16 also has evidence for a faint 
IGM in addition to the con tribution from AGN 
activity ( Belsole et al. 2003f) . In fact, while all of 
the type HI groups have X-ray detections, none 
of the galaxies in type III groups have strong in- 



frared emission as seen in their SEDs shown in 
Figures lA.HIA.lSl This result is consistent with 
what is seen in brightest cluster gal axies in clus 



ters w ithout strong cooling flows by lEgami et al 
( 20061 ). Those clusters frequently have evidence 



for AGN activity that apparently injects energy 
into the intracluster medium and prevents cooling; 
the large X-ray bubbles in HCG 62 indicate sim- 
ilar activity (e.g. Morita et al. 2006h . In the case 
of type III groups in this sample, they could be 
observed as "gas deficient" in HI simply because 
their intra-group gas has largely been heated and 
ionized. There have been several interesting sug- 
gestions that a hot cluster IGM plays an important 
role in the truncation of star formation activity in 
clusters (e.g., Poggianti et al. 2004, Moran et al. 
2006). 

3. Results 

3.1. The Infrared Colors of Galaxies in 
Hickson Compact Groups 

The infrared colors of galaxies in the Hick- 
son Compact Groups in this sample span a wide 
range of parameter space. Here we discuss trends 
and correlations that are apparent in this data 
set. Spitzer IRAC three-color (3.6/im, 4.5/xm, and 
8/im) images are shown in Figures [T][6l The in- 
frared colors of the galaxies in this sample are 
shown in Figures [8l ll3l 

The near- to mid-IR colors of a source will 
largely be dependent on the temperature of the 
dust, the relative strength of the underlying stellar 
blackbody emission, and polycyclic aromatic hy- 
drocarbon (PAH) emission, which can contribute 
significantly to th ree of the four IRAC bands 
(|Draine &: Lill2006l ). The ncar-IR 2MASS obser- 
vations at the J, H, and K-bands will largely be 
dominated by stellar blackbody emission with a 
possible contribution from very hot dust near the 
sublimation temperature (~ 1600 K). Of the four 
IRAC bands, the only band that is not subject to 
a possible strong contribution by PAH emission 
is the 4.5/im band. The strongest PAH contribu- 
tion is expected in the S-Ofim band. Emission in 
the 24/j,m band is dominated by thermal emission 
from dust. 

These three dominant components of emission 
in the infrared can, to some extent, be disentan- 
gled by examining the spectral energy distribu- 



9 



2.0 



0.5 



0.0 



-0.5 




-0.6-0.4-0.2-0.0 0.2 0.4 0.6 

Fig. 8. — IRAC color-color diagram. The shaded 
area indicates the color selection criteria for AGN 
from iLacv et al.l (j2004l ). The ellipse indicates 
the region occupied by unreddened main-sequence 
stars, and the arrow indicates an Ay = 10. 
The galaxies in our sample are indicated as 
symbols (if log[/8.o//4.5] > 0), and "x" sym- 
bols (if log[/8.o//4.5] < 0); these two symbols 
are used again with the same meaning in Fig- 
ures [9] and [TOl The KISS sample of star-forming 
galaxies are shown for comparison as diamonds 
( Rosenberg et al. 20061 ), and the galaxies from the 
FLS are shown as dots ( Lacv et al. 20041 ). 



tions of galaxies. A source with emission domi- 
nated by hot dust will result in a K-band "excess" , 
and a rising continuum from 3.6/im to 24/im. A 
source with strong PAH emission will exhibit a 
falling spectral energy distribution from 3.6/im to 
4.5/im and a rising spectral energy distribution 
from 4.5/im to 8.0/im. A source that is dominated 
by stellar light will have a spectral energy distri- 
bution that falls continuously from the near-IR to 
24/im with the Rayleigh-Jeans tail of the stellar 
blackbody emission. 

3.1.1. IRAC colors 

Figure [8] shows the IRAC colors of the galax- 
ies, which we have separated into four quadrants 
that are divided by lines delineating whether the 
spectral energy distribution of a source is rising or 
falling with increasing wavelength for a given flux 



density ratio. Galaxies with emission dominated 
by stellar light with little dust or PAH emission are 
expected to be located in the lower left quadrant. 
For reference, we show an ellipse that indicates 
the region in this color space that would be occu- 
pied by unreddened main-sequence and giant stars 
along with a reddening vector that corresponds to 
Av = 10. 

Galaxies with active star formation and/or 
AGN activity are largely expect ed to be located o n 
the top portion of this plot (e.g. Lacv et ani2004[ ): 
contributions to their SEDs from PAH emission 
or hot dust will result in stronger emission at 
8/im than at 4.5/im. In order to differentiate the 
galaxies that fall in the top or bottom of this 
plot (reflecting the ratio of flux densities in the 
8.0/im and 4.5/im bands) in Figures [9] and \T0\ 
we consistently use x and -t- symbols, respec- 
tively, to represent them. For comparison, we 
plot the galaxies from the KISS sur vey of star- 
form ing galaxies as diamonds (Rosenberg et all 
20061) . and the Syitzer F irst Look Survey (FLS) 



as dots (jLacv et al. I l2004l) . The color selection cri- 
teria for AGN defined by iLacv et aL I (|2004l) are 
indicated by a shaded area; while a significant 
fraction of the galaxies in the KISS sample are 
in this region of color space, only a handful of 
the galaxies in this sample fall in that area, in- 
cluding HCG 7A, HCG 7D, HCG 22C, HCG 31G, 
HCG 59A, and HCG 90A. However, the integrated 
colors of galaxies can obscure low-level AGN ac- 
tivity, and several of the galaxies in this sample 
are consistent with hosting AGN based on their 
nuclear colors (Gallagher et al., in prep). 

The galaxies that fall in the lower left quadrant 
(e.g. dominated by stellar emission) are tightly 
clustered near the stellar ellipse. By contrast, the 
galaxies that fall in the upper right quadrant ex- 
hibit a significant spread in their colors, which 
is consistent with variable contributions from hot 
dust and PAH emission, plausibly reflecting differ- 
ent levels of star formation and/or AGN activity 
in the galaxies. As expected, the KISS sample is 
almost exclusively located in the upper portion of 
this plot. 

A major difference between the IRAC colors of 
galaxies in this s ample in and the FLS sample of 



Lacv et al.l (j2004^ is the lack of a vertical plume in 



our data (as seen in Fig. [5]). Lacy et al. attribute 
the galaxies in this plume to occupy this area of 
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color space because they are at redshifts where the 
6.2/xm PAH feature has shifted out of the 5.8/ini 
band and into the 8.0/im band. The galaxies in 
the sample of HCGs presented here do not have 
redshifts sufficient to cause this effect (by defini- 
tion, the sample was selected to have velocities 
< 4500 km s-i). 

There are a few curious features in the HCG 
galaxy distribution shown in Fig. [51 which are 
anom alous when compa red to the FLS galaxy sam- 
ple of iLacv et all (|2004l ). First, the HCG galaxies 
follow a relatively narrow finger along the upper 
edge of the AGN-starburst range of FLS galax- 
ies. The narrowness of this trend suggests a rea- 
sonably tight relationship between PAH emission 
and dust emission in the HCG sample. Our com- 
parison between the HCG galaxies and the FLS 
galaxies indicates an interesting ~ 0.3 dex offset 
between this finger and the one in the FLS plot. 
The vertical offset suggests that the HCG galaxies 
have stronger PAH emission in the 8.0/im band 
than typical galaxies in the FLS. This could be 
due to generally elevated star formation and/or 
dust content. However, another very plausible ex- 
planation is simply that the bulk of the 8yum PAH 
feature has red-shifted out of the 8/xm band for 
a significant fraction of the galaxies in the FLS, 
which would only require a moderate redshift of 
z - 0.2. 

We also note that the gap that we see in our 
colors in Fig. [51 i s not present in the FLS sample 



[8.0]-[24] (Veqo) 
2 3 ^ 



(jLacv et al.ll2004 Figure 1). This sample of HCGs 
has a relative lack of galaxies that fall in the color 
space between systems dominated by stellar light 
and systems with significant hot dust and / or PAH 
contributions. This "gap" is not apparent in the 
FLS sample, which could be masked by the shift- 
ing of the 6.2/im PAH feature between bands, as 
discussed above. However, this gap is also not seen 
in the galaxies of the SINGS sample, which are not 
at significant redshifts. The nature of this gap will 
be discussed further in the context of evolutionary 
stages in § 13.21 

3.1.2. Pan-Infrared colors 

Figure [51 shows a color combination spanning 
the K-band to 24/im. As in Figure [H we have sep- 
arated this color space into four quadrants with 
lines delineating whether the spectral energy dis- 
tribution of a source is rising or falling with in- 
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-0.6 
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-1.0 -0.5 0.0 0.5 1.0 
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Fig. 9. — Pan-IR color-color diagram. Galaxies 
to the right of the vertical line are likely to have 
hot dust, and galaxies above the horizontal line 
would have an extremely red near-IR color, possi- 
bly indicating AGN activity. The ellipse indicates 
the region occupied by unreddened main-sequence 
stars, and the arrow indicates an Ay = 10. Galax- 
ies indicated with symbols are those that have 
a rising spectrum from 4.5/im to 8.0/im as shown 
in Figure [H 



creasing wavelength for a given flux density ra- 
tio. All of the galaxies fall in the lower two quad- 
rants. There is a clear trend in this color space for 
the sources identified in Figure [51 as having signifi- 
cant PAH emission and/or hot dust at 8/im (indi- 
cated with the -I- symbols) to also have relatively 
strong 24/im emission in this plot. There is also a 
slight trend in the data for galaxies that have rela- 
tively strong thermal dust emission, as manifest in 
a higher log(/24//8) ratio, to also have relatively 
high ratios of ^ogifi.s/ fx), which provides further 
evidence for a hot dust contribution. 

3.1.3. 2MASS colors 

Figure [TOl shows the near-IR colors of the galax- 
ies in this sample of HCGs. As in Figures [H and 
[HI the ellipse indicates the region of color space 
occupied by unreddened main-sequence and gi- 
ant stars, and a reddening vector for Ay = 1 is 
shown. The J-H and H-K colors of nearly all of the 
galaxies in the sample are consistent with being 
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Fig. 10.— 2MASS J, H, K color-color diagram. 
The ellipse indicates the region occupied by unred- 
dened main-sequence stars, and the arrow indi- 
cates an Ay = 1 (note that Figures [5] and [S] show 
an Ay — 10). Most of the galaxies are consis- 
tent with having a slightly reddened normal main- 
sequence population. Galaxies indicated with 
symbols are those that have a rising spectrum from 
4.5/im to 8.0/im as shown in Figure [51 



dominated by normal stellar populations that are 
either slightly reddened or alternatively affected 
by RGB and AGB star contributions to the in- 
tegrated near-IR colors. The marginally outlying 
points may reflect an infrared excess due to a hot 
dust contribution. There is a trend in the near- 
IR colors for the sources identified in Figure [8] as 
having significant PAH emission at 8/ini (indicated 
with the -I- symbols) to also have larger amounts 
of reddening and/or hot dust contributions. In ad- 
dition these sources exhibit a much larger scatter 
in their near-IR colors than the sources identified 
in Figure [5] as having relatively weak PAH and/or 
hot dust emission (indicated with the x symbols) . 

3.2. The Relationship Betvireen Infrared 
Properties and Evolutionary State 

In order to assess whether there are any trends 
in the infrared properties of HCG galaxies with 
evolutionary state, we have divided our sample 
into three types as discussed in § 12.11 

(I) l0g(MHl)/l0g(Mdyn) > 0.9, 



Fig. 11. — (top) IRAC color-color diagram 
with the same features as Fig. |51 but with 
the galaxies separated into three categories: 
log(MHi)/log(Mdyn) < 0-8 as squares, 0.8 < 
log(MHi)/log(Mdyn) < 0.9 as triangles, and 
log(MHi)/log(Mdyn) > 0.9 as stars, (bottom) The 
relationship between the colors (used for the x-axis 
and y-axis above) of the galaxies in this sample 
and the log(MHi)/log(Mdyn) ratio for the parent 
groups using the same symbols as above. See dis- 
cussion in section [ 



(II) 0.9 > log(MHi)/log(Mdyn) > 0.8, 

(III) log(MHi)/log(Mdy„) < 0.8. 

In other words, type I groups are relatively the 
most gas-rich by mass, and type HI groups are 
relatively the most gas-poor by mass. In Fig- 
ures [TTIfTSl these types are respectively shown as 
stars, triangles, and squares. It is important to 
note that these types are based on the properties 
of the group, whereas the data points are individ- 
ual galaxies within a group of a given type. In 
other words, we are attempting to probe whether 
the local properties of a member galaxy are related 
to the global properties of the group in which it 
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Ul{'„/I..v> I09(I..,/I.) I09(f,/f.) logC/fJ 



Fig. 12. — (top) Pan-IR color-color diagram with 
the same features as Fig. [Qj but with the galaxies 
separated by log(MHi)/log(Mdyn) as in Fig. [TT] 
(bottom) The relationship between the colors 
(used for the x-axis and y-axis above) of the galax- 
ies in this sample and the log(MHi)/log(Mdyn) ra- 
tio for the parent groups using the same symbols 
as above. See discussion in section [ 



resides. 

The infrared colors of the constituent galaxies 
appear to be related to the type of group in which 
they reside, and Figure [11] reveals a few striking 
trends. First, the HI gas-deficient group galaxies 
(type III) are relatively tightly clustered near the 
nexus of stellar colors, which is expected if there 
is little star formation, reddening, or AGN activ- 
ity. The only outliers are known AGN galaxies in 
HCG 90 (galaxies A and D). The galaxies in more 
gas-rich groups span a much larger range in colors, 
with type I groups extending toward much redder 
colors, indicating higher levels of star formation 
and AGN activity overall. It is particularly note- 
worthy that the galaxies in this sample appear to 



Fig. 13.— (top) 2MASS J, H, K color-color dia- 
gram with the same features as Fig. [101 but with 
the galaxies separated by log(MHi)/log(Mdyn) 
as in Fig. [5] (bottom) The relationship be- 
tween the colors (used for the x-axis and y-axis 
above) of the galaxies in this sample and the 
log(MHi)/log(Mdyn) ratio for the parent groups 
using the same symbols as above. See discussion 
in sections [ 



follow a sequence in the infrared color-color space, 
with a relative gap in the galaxy population found 
at moderate colors (—0.2 < log(/8.o//4.5) < 0.2, 
and -0.3<log(/5.8//3.6)<-0.1). 

This "sequence" and "gap" are more significant 
in comparison to the FLS galaxies and SINGS 
galaxies, which do not appear to exhibit such a 
gap. We note that this gap is reminiscent of the 
so-called "green-valley" that is apparent in color- 
magnitude diagrar ns of galaxy samp les such as 
that presented by iHogg et al.l (|2004f ). This gap 
may also reflect the bimodal structure of the dis- 
tribution of Hubble types seen in Fig.[7l If this gap 
in the HCG galaxies distribution is dynamical in 
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nature, it suggests that star formation and AGN 
activity in HCG galaxies responds to the dynam- 
ical processes taking place on rapid timescales. 

Trends similar to those in Fig. [TT] are seen in 
Figure [121 with the median color of galaxies in 
type I, type II, and type III groups slightly offset. 
The near-IR colors alone, as shown in Figure 
do not reveal any strong trends with group type. 
However, it is interesting to note that the out- 
lying sources are either from groups of type I or 
type II, or known AGN galaxies (HCG 90A and 
HCG 90D). 

The 24/im luminosity of the member galaxies 
also exhibits a slight trend with group type, as 
shown in Figure [TH Galaxies in gas-rich groups of 
type I have the highest average 24/^m luminosity, 
while galaxies in gas-poor groups of type III have 
the lowest average 24/im luminosity. This trend 
is in accord with type I grou ps hosting th e most 
actively star-forming galaxies. ISmith et al.1 (|2007[ ) 
examined 24/Ltm emission of the Arp interactive 
and field spiral samples of galaxies, but see little 
statistical evidence for a difference between those 
two populations. This is not necessarily inconsis- 
tent with the trends seen here, as our sample of 
compact grou ps contains many e arly type galax- 
ies, which the Smith et al. I (|2007l) sample was not 
designed to investigate. 
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4. Summary 

We present new Spitzer observations of a sam- 
ple of twelve Hickson Compact Groups compris- 
ing 45 galaxies and combine these with existing 
2MASS survey observations. The goal of this 
project is to examine the relationship between the 
compact group environments and various physi- 
cal processes. The main results of this paper are 
summarized below. 

The amount of PAH emission, reddening, and 
24/im emission in each galaxy appear to be re- 
lated; these observables tend to be similarly strong 
or weak for a given galaxy, reflecting the amount 
of recent star formation activity. Galaxies that 
strongly exhibit these features, also have much 
greater scatter in their colors, plausibly reflecting 
variable contributions to the integrated light from 
AGN and starburst activity; galaxies dominated 
by stellar light with little evidence for recent star- 
burst and/or AGN activity have a much smaller 



Fig. 14. — Histograms of the 24/im luminosities 
for the total sample of galaxies (top panel) as well 
as galaxies belonging to compact groups of each 
type (see 13.21 for discussion). 



range of infrared colors. The near-infrared (J,H,K) 
colors of the member galaxies are largely consis- 
tent with being dominated by slightly reddened 
normal stellar populations. 

We separate the compact groups into three 
types based on the ratio of their dynamical and 
HI masses, with type I being the most gas-rich 
and type III being the most gas-poor. An analy- 
sis of morphological types indicates that late-type 
galaxies are preferentially found in type I groups, 
and early-type galaxies are preferentially found in 
type HI groups. However, the causal relation- 
ship that underlies these trends is not clear. The 
near-IR colors do not show any strong trends with 
group type, although the outlying points with a 
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K-band excess tend to be galaxies in type 1 and 
type II groups. Galaxies in type I groups tend to 
be the most actively star forming as manifest in 
their thermal-IR colors, with type II also showing 
a moderate level of activity, and type III groups 
are relatively quiescent. This result could be inter- 
preted as type I groups actively consuming their 
gas (and forming stars), while type II groups may 
be generally somewhat further along in this pro- 
cess. Galaxies in type III groups tend to be rela- 
tively tightly clustered around the locus of colors 
for normal stellar populations, with the few out- 
liers known to be active galaxies. The sensitivity 
of thermal infrared colors to neutral gas content 
suggests that the gas content of a Hickson compact 
group is at least as important as the neutral gas 
distribution in promoting or inhibiting star forma- 
tion. Clearly both gas content and gas distribu- 
tion are important to a group's evolutionary state, 
although it is not yet clear how independent or re- 
lated these parameters are. 

The group type also appears to be reflected 
in the 24/im luminosity of the member galaxies. 
Galaxies in groups of type 1 have the highest av- 
erage 24/xm luminosity, while galaxies in groups of 
type III have the lowest average 24/xm luminos- 
ity. This trend is in accord with the most gas- 
rich groups hosting the most actively star-forming 
galaxies. Of the type 1 and type II groups in this 
sample, only one of them has an X-ray detection 
(HCG 16, which is known to contain active galax- 
ies as well as faint X-ray emission from the IGM 
iBelsole et al. 2003 ). while all four of the gas-poor 
groups have been detected in the X-ray (HCG 42 



HCG 48, HCG 62, and HCG 90 IPonman et atl 



19961 ). These results are consistent with the hy- 
pothesis that the missing HI gas in the most "de- 
ficient" groups may have been converted to X-ray 
emitting hot gas. 

There are striking trends seen in this study be- 
tween the log(AfHi)/log(Afdyn) ratio for an entire 
Hickson Compact Group and the infrared colors 
of the individual member galaxies, which suggest 
that the constituent galaxies in Hickson Compact 
Groups are related to the type of group in which 
they reside. However it is not clear from these ob- 
servations whether the "gas-richness" of a group 
simply reflects its fraction of late- type galaxies, or 
whether the gas-richness of a group affects the con- 
stituent galaxy types. Clearly the morphology of 



the gas within a group must have a role, as pointed 
out bv I Verdes-Montenegro et aL ( 2001 ). 

The galaxy sample here has characteristics that 
are distinctly different from the sample of galax- 
ies in the Spitzer First Look Survey. Most no- 
tably, Hickson Compact Group galaxies exhibit a 
"gap" in infrared color space that is sparsely pop- 
ulated. This gap may suggest a rapid evolution of 
galaxy properties in response to dynamical effects 
in HCGs. 
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2MASS AND SpITZER flux densities of the galaxies IX THE SAMPLE 
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Table 2 — Continued 
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27.6 


21.7 


9.1 


90d<^ 


Im 


152. 


271 


218 


96.7 


61.8 


54.5 


121 


209 



'^Mo rphological types from iHicksonT Kindl, fc AumanI (|l989l ): iMendes de Oliveira &: HicksonI 
(|1994| ) except where noted by parenthesis. 

''Near-IR flux densities in the J-, H-, and K-bands were directly measured from the 2MASS Atlas 
images in the same manner as described in § [5] for the Spitzer images. 

'^Uncertainties are estimated to be 10% for flux densities greater than 10 mJy, ~ 20% for flux 
densities of 5-10 mJy, and ~ 50% for flux densities of 1-5 mJy, and ~ 100% for marginal detections 
less than 1 mJy. 

'^These galaxies were not cleanly seperated at the la contour level, and photometry was carried 
out using apertures defined by higher contour levels. 

'^Galaxies IfCG 48b and HCG 48c may not be proper group members fsee lRibeiro et al1ll998l ). 
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A. NOTES ON INDIVIDUAL HICKSON COMPACT GROUPS 



A.l. HCG 2 

The spectral energy distributions for the galaxies in HCG 2 are shown in Figure [TS] This group is classified 
as type I according to log(MHi)/log(Mdyn), indicating it is relatively gas-rich. Galaxy A hosts a number of 
bright star forming knots as evident by their 4.5/im, 8.0/im, and 24/im emission. Galaxy B (MRK 552) is 
compact, but luminous in the infrared and the dominant source of 24/im emission in the group. Galaxy C 
has a hint of low-level star formation to the west of its nuclear region. Galaxy D is a background source. All 
three have similar infrared SED's that are typical of star-forming galaxies. 



A.2. HCG 7 

The spectral energy distributions for the galaxies in HCG 7 are shown in Figure 1161 This group is 
classified as type H according to log(MHi)/log(Mdyn), indicating a moderate amount of gas is present in the 
group. Galaxy A (NGC 192) has a disturbed morphology with substantial infrared emission throughout. 
The nuclear region of galaxy A is a luminous 24/im source. Galaxy B (NGC 196) is dominated by stellar light 
with little evidence of recent star formation. Galaxy C (NGC 201) has elevated 4.5/im and 8.0/im emission 
throughout the spiral arms, and the nuclear region stands out at 24/im, possibly indicating low level AGN 
activity. Galaxy D (NGC 197) is slightly disturbed and appears to have a modest level of star formation. 



A.3. HCG 16 



The spectral energy distributions for the galaxies in HCG 16 are shown in Figur e [T71 This group is 



classified as type I according to log(MHi)/log(Mdyn), indicating it is relatively gas-rich. Ribeiro et al. ( 19981 ) 
observe this group to be a core-|-halo system, suggesting the compact group is part of a larger collapsing 
structure. Galaxies A (NGC 835, MRK 1021) and B (NGC 833) have extended tidal features visible in the 
3.6/im and 4.5/im images without associated longer wavelength emission, suggesting very little star formation 
has been triggered in the tidal tails. Galaxy A does have a moderate level of star formation activity, but 
galaxy B is dominated by stellar light. Galaxies C (NGC 838, MRK 1022) and D (NGC 839) are quite 
luminous in the infrared, causing saturation and artifacts in the long exposure IRAC images; both have 
significant levels of 24/im emission consistent with originating from nuclear point sources. Galaxies A, B, 
and D have previou sl y been identified as active galaxi es in this group ( Ribeiro et al. 19961 : Coziol et al.lll998t 
Turner et al.ll200lh . iMendes de Oliveira et al.l (jl998[ ) conclude that both galaxies C and D have recently 
undergone major merger events based on their kinematics, double nuclei, and high infrared luminosities, 
which is consistent with these Spitzer results. 



A.4. HCG 19 

The spectral energy distributions for the galaxies in HCG 19 are shown in Figure [TH] This group is 
classified as type II according to log(AfHi)/log(Afdyn), indicating a moderate amount of gas present in the 
group. Galaxy A is dominated by stellar light. Galaxy B has moderate star formation activity throughout, 
and hosts a number of compact star forming knots in the distorted spiral arms. Galaxy C is quite diffuse, 
with a hint of elevated star formation on its south-west edge (facing the group). Galaxy D is a background 
object. 



A.5. HCG 22 



The spectral energy distributions for the galaxies in HCG 22 are shown in Figure \T9\ This group is 
classified as type II according to log(A/Hi)/log(Mdyn), indic ating a moderate amo unt of gas present in the 
group . HCG 22 may be associated with a larger structure ( Rood fc Strublel[l994l ). although Ribeiro et al.l 
(|l99 8l) identify it as a "real" compact group. Galaxies A (NGC 1199) and B (NGC 1190) are dominated by 
stellar light with little long wavelength emission. Galaxy C (NGC 1189) has extended clumpy star formation 
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throughout its spiral arms with remarkably little associated stellar light, which is striking in the color images. 
Galaxies D (NGC 1191) and E (NGC 1192) are background objects. 



A.6. HCG 31 

The spectral energy distributions for the galaxies in HCG 31 are shown in Figure [501 This group is 
classified as type I according to log(MHi)/log(Mdyn), indicating it is relatively gas-rich. HCG 31 is a highly 
disturbed with elevated levels of infrared emission throughout most the group. Due to the close interaction 
between galaxies A, C, and E, they were not separable at low contour levels and their photometry was 
combined into a single data point. Galaxy F was not detected in the 2MASS images at J,H, and K-bands, 
and galaxy Q was not detected at K-band. Galaxies A and C (collectively NGC 1741, MRK 1089) are 
undergoing the strongest interaction, and the location of their collision is a strong 24/im source. Galaxy B 
has moderate infrared emission clumped in on the edges of its disk and nuclear region. Galaxy D is a 
background source. Galaxies E and F are possible tidal dwarfs, and have moderate levels of star formation. 
Galaxy F, in particular, is relatively luminous at 24/im given its small size and faint near-IR and optical 
emission. Galaxy G (MRK 1090) has several star forming knots with moderate infrared emission on its 
north-west edge (facing the gro up). These results ar e generally consistent wi th conclusions based on optical 
observations of this group fe.g. Johnson et a l. 1999: Johnso n fc Contil 2000l ). Galaxy Q has been recently 



classified as a group member (jVerdes-Montenegro et al...2005i) . but appears to be dominated by stellar light 



and is not particularly disturbed in these infrared images. 



A.7. HCG 42 

The spectral energy distributions for the galaxies in HCG 42 are shown in Figure [U This group is 
classified as type II I according to log(MHi)/log(Mdyn), indicating that the group is relatively gas-poor. 
Ribeiro et all (|l998l) identify HCG 42 as being part of a loose group. Galaxy A is also known as NGC 3091, 



and galaxy B is also known as NGC 3096. The galaxies in HCG 42 are all dominated by stellar light with 
little evidence for recent star formation activity. The lack of 24/im emission from any of the group members 
suggests little AGN activity as well. A number of luminous infrared sources are apparent in the background 
of this group. 



A.8. HCG 48 

The spectral energy distributions for the galaxies in HCG 48 are shown in Figure [221 This group is 
classified as type HI according to log(AfHi)/log(Mdyn), indicating that the group is relati vely gas-poor 



HCG 48 is embedded in the larger galaxy group Abell 1060, and the kinematical analysis of iRibeiro et al 



( 1998t ) indicates that this group is divided into three sets of objects at slightly different velocities; galaxies A 



and D are associated, but galaxies B and C appear to be in different subgroups, in which case the reality of 
HCG 48 as a compact group is in question. We include these photometric measurements of galaxies A, B, 
C, and D in Table [2] for completeness, but exclude the data points from galaxies B and C in Figures [51fT51 
Galaxies A, C, and D are dominated by stellar light with little sign of recent star formation or AGN activity. 
Galaxy B has infrared emission from throughout the galaxy and moderate 24/im emission associated with 
the nuclear region. 



A.9. HCG 59 

The spectral energy distributions for the galaxies in HCG 59 are shown in Figure [23l This group is 
classified as type II according to log(MHi)/log(Afdyn), indicating a moderate amount of gas present in the 
group. Galaxy A (IC 737) is point-like and quite luminous in the thermal infrared. Galaxy B (IC 736) is 
dominated by stellar light. Galaxy C has moderate infrared emission and appears to be slightly disturbed. 
Galaxy D is diffuse and highly disturbed, with clumps of infrared emission on its southern and northern 
edges. Galaxy E is a background object. 
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A.IO. HCG 61 



The spectral energy distributions for the galaxies in HCG 61 are shown in FigureEH This group is classified 
as type I according to log(MHi)/log(Mdyn), indicating it is relatively gas-rich. Galaxies A (NGC 4169) and 
D (NGC 4174) are dominated by stellar hght. Galaxy B (NGC 4173) is a foreground object. Galaxy C 
(NGC 4175) has a disturbed morphology near the nuclear region a nd has moderately strong nuclear 24/im 



emission. Galaxies A and C have been identified as active galaxies (jWhite et al.lll997f ). 



A.ll. HCG 62 

The spectral energy distributions for the galaxies in HCG 62 are shown in Figure [25l This group is 
classified as type II I according to log(MHi)/log(Mdyn), indicating that the group is relatively gas-poor. 
iRibeiro et all (|l998l ) identify HCG 62 as being part of a loose group. Galaxies A (NGC 4778) and B 
(NGC 4776) are strongly interacting, but are dominated by stellar light with little recent star formation 
activity, although galaxy B has a modest amount of 24/Ltm emission associated with its nuclear region. The 
kinematical properties of ga laxy A (NGC 4778), including nuclear counter-rotation suggest that it may have 



undergone a minor merger (jSpavone et al.ll2006n . although based on the relative lack of infrared luminosity, 



these Spitzer observations imply any such merger had little effect on star formation, perhaps indicating 
that the gas in these galaxies was already depleted. Galaxies C (NGC 4761) and D (NGC 4764) are also 
dominated by stellar light, with little evidence for recent activity. 



A.12. HCG 90 

The spectral energy distributions for the galaxies in HCG 90 are shown in Figure 1261 This group is 
classified as type H I according to log(Mdyn)/log(MHi), indicating that the group is relatively gas-poor. 
Ribeiro et al. ( 19981 ) identify HCG 90 as being part of a loose group. Due to the close interaction between 
galaxies B and D, they were not separable at low contour levels and their photometry was combined into 
a single data point. Galaxy D fell off the detector in the 24^m observations, and is therefore lacking this 
data point. Galaxy A (NGC 7172) is somewhat disturbed and has clumpy infrared emission throughout 
the galaxy. Galaxies B (NGC 7176) and C (NGC 7173) are dominated by stellar light, with little evidence 
for recent activity. Galaxy D (NGC 7174) is fairly disturbed, with a spur of infrared emission originating 
from its western edge. The nuclear region of g alaxy D is al s o a lu minous 24^m source. These results are 
consistent with the kinematic Ha observations o f lPlana et al.l (jl998[ ) , who conclude that galaxy D is a warm- 
gas reservoir in the group. Galaxies A and D have been identified as active galaxies bv lCoziol et al.l (|l998l ). 
and these are the outlying type III galaxies in Figs. [TTIfT51 
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Fig. 15. Infrared spectral energy distributions for the galaxies in HCG 2. Horizontal error bars reflect the 
filter widths. 
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Fig. 16. — Infrared spectral energy distributions for the galaxies in HCG 7. Horizontal error bars reflect the 
filter widths. 
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Fig. 17.— Infrared spectral energy distributions for the galaxies in HCG 16. Horizontal error bars reflect 
the filter widths. 
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Fig. 18. — Infrared spectral energy distributions for the galaxies in HCG 19. Horizontal error bars reflect 
the filter widths. 
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Fig. 19. — Infrared spectral energy distributions for the galaxies in HCG 22. Horizontal error bars reflect 
the filter widths. 
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Fig. 20. — Infrared spectral energy distributions for the galaxies in HCG 31. Horizontal error bars reflect 
the filter widths. 
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Fig. 21.— Infrared spectral energy distributions for the galaxies in HCG 42. Horizontal error bars reflect 
the filter widths. 
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Fig. 22. — Infrared spectral energy distributions for the galaxies in HCG 48. Note that galaxies B and C 
may not be proper group members. Horizontal error bars reflect the filter widths. 
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Fig. 23.— Infrared spectral energy distributions for the galaxies in HCG 59. Horizontal error bars reflect 
the filter widths. 
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Fig. 24. — Infrared spectral energy distributions for the galaxies in HCG 61. Horizontal error bars reflect 
the filter widths. 
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Fig. 25.— Infrared spectral energy distributions for the galaxies in HCG 62. Horizontal error bars reflect 
the filter widths. 
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Fig. 26.— Infrared spectral energy distributions for the galaxies in HCG 90. Horizontal error bars reflect 
the filter widths. 
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